Social marginalisation and other challenges facing HIV-positive pregnant women in Ukraine may put them at increased risk of relinquishing their infants to the state. We described rates of infant abandonment (exclusive nonparental care to most recent follow-up, censored at two years of age) and investigated associated factors using logistic regression models, in 4759 motherÁinfant pairs enrolled across six Ukrainian sites in the European Collaborative Study from 2000 to May 2009. Median maternal age was 26.0 years, 81.8% were married or cohabiting and 60.6% were nulliparous at enrolment. An injecting drug use (IDU) history was reported by 18.4%, 80.2% took antiretroviral therapy (ART) antenatally and most deliveries were vaginal. A small but significant proportion of infants had been cared for exclusively in institutions by their second birthday (2.1% overall), decreasing from 3.8% (15/393) in 2000Á2002 to 1.6% (49/3136) in 2006Á2009 (p B0.01), concurrent with prevention of mother-to-child transmission scale-up. A further 1% of infants spent some time in non-parental care. Antenatal ART was associated with an 88% reduced abandonment risk (adjusted odds ratio (AOR) 0.12), versus receipt of single dose nevirapine only, and this was reflected in HIV infection prevalence in the two groups (17.1% of abandoned infants versus 6.6% in parental care). Mothers without a cohabiting partner or husband were more likely to abandon (AOR 4.08), as were active IDUs (AOR 3.27) and those with ]1 previous children (AOR 1.89 for second-born and AOR 2.56 for subsequent births). Women delivering by elective caesarean section were less likely to abandon (AOR 0.37 versus vaginal), as were those leaving full-time education later (AOR 0.61 for 17Á18 years versus 516 years and AOR 0.23 for ]19 years versus 516 years). Interventions to extend family planning and IDU harm reduction services along with non-stigmatising antenatal care to marginalised women are needed, and may reduce abandonment.
Background
At the end of 2007, prevalence of HIV among the adult population of Ukraine was estimated at 1.63%, the highest adult (15Á49 years) HIV prevalence in Europe. The initial driver of the epidemic in Ukraine was injecting drug use (IDU), but heterosexual transmission is becoming more important, with increasing prevalence among women and those with no known risk factors for HIV acquisition (history of IDU, high-risk sexual behaviour, high-risk sexual partner(s) or blood transfusion; European Collaborative Study, 2006; Thorne et al., 2009; WHO, UNICEF, & UNAIDS, 2008) . About 45% of those living with HIV in Ukraine are women, mostly of child-bearing age, and prevalence among pregnant women is rising from 0.45% in 2005 to 0.52% in 2007 (Kruglov et al., 2008) .
Prior to the combination antiretroviral therapy (cART) era, cohorts in Western Europe reported that 19% of children born to HIV-infected women were in non-parental care by 12 months of age and around 40% at 60 months (Blanche et al., 1996; European Collaborative Study & Thorne et al., 1998) . Since the advent of cART, these children are less likely to need alternative care due to parental illness or death, but may be disproportionately vulnerable to adverse social conditions and more likely to be relinquished to the state (Khaldeeva et al., 2003) .
The socio-economic upheaval and worsening public health in the Commonwealth of Independent States following the collapse of the Soviet Union (Little, 1998) have impacted on child welfare. Russia and Ukraine have among the highest numbers of children aged under three years in institutional care in Europe (Browne et al., 2006) , and Ukraine saw a doubling in the 1990s of the number of children in non-parental care (UNICEF, 2005a) . Infant abandonment is described as a social consequence of the HIV epidemic in these countries (Ministry of Health and Social Development of the Russian Federation, Applied Sciences Center of the Ministry of Health of Russia, & UNICEF, 2005) , but the epidemic's impact is set against high overall levels of abandonment. In Ukraine, around 1% of children were placed in state care in 2005, with various estimates of 65Á103,000 out of a total child population of nine million (7Á11/1000) living in state-run residential institutions in recent years, and 2.2% of children under 15 years not living with a biological parent ; Ukrainian Center for Social Reforms, State Statistical Committee, Ministry of Health, & Macro International Inc., 2008; UNICEF, 2009c) . Rates of infant abandonment specific to HIV-infected women in Ukraine are lacking, as is information on the social circumstances of these women which could modulate abandonment risk. Reliance on state institutional childcare and the problems posed to normal child development (Maclean, 2003; Transatlantic Partners Against AIDS, 2004; UNICEF, 2005b UNICEF, , 2009b are not unique to countries in transition in the WHO European region (Browne et al., 2006) , but increase the imperative to avoid separation of infants from parental care.
Implementation of the national prevention of mother-to-child transmission (PMTCT) of HIV programme (Malyuta et al., 2006; Thorne et al., 2009 ) and the scaling-up of HIV treatment and care services may be postulated to reduce risk of infant abandonment, for example, through provision of opportunities to reduce MTCT risk and HIV disease progression, and through reducing stigma and discrimination. However, the potential impact of these programmes on infant abandonment has not been investigated to date, and the design and implementation of interventions require a more thorough understanding of the problem. Our objectives were to quantify institutional care of infants born to HIV-1-infected women in Ukraine and describe associated factors, using data from an ongoing birth cohort study.
Methods
The European Collaborative Study (ECS) is an ongoing birth cohort study, in which HIV-1 infected pregnant women are enrolled and their infants prospectively followed according to a standard protocol. The ECS was established in 1985 in Western Europe to estimate the rate of and risk factors for MTCT (European Collaborative Study, 1988) . Centres from Ukraine joined in 2000: sites in Odessa, Mykolaiv and Simferopol started enrolling at the start of 2000 and those in Kiev, Donetsk and Mariupol in September 2006 (European Collaborative Study, 2006) . In this study, we used all data available from start of enrolment in Ukraine in 2000 to May 2009. Data are collected anonymously on standard questionnaires, using study serial numbers (linked anonymous data). Information collected includes maternal socio-demographic and clinical information, delivery and infant characteristics. Information on infant's social care setting (i.e., with mother, father or other relative, fostered, adopted, or cared for in hospital or an institution) directly following birth is collected and updated at regular follow-up thereafter. In Ukraine, 99% of infants are born in health facilities (UNICEF, 2009a) and are discharged home after threeÁfive days in the absence of medical problems.
Definitions
In order to identify infants receiving institutional care as a permanent substitute for parental care, we used follow-up data censored at 24 months to categorise infants as ever or never in parental care. This was a conservative measure, distinguishing infants with even minimal parental involvement and mixed care settings (for example home and an orphanage) from those with no parental involvement. A small number (n 015) of infants in stable alternative family settings (i.e., fostered, adopted or cared for by another relative) were included in the ''ever with parents'' group. The ''never in parental care'' group, referred to as ''abandoned'' throughout, includes infants voluntarily abandoned by their parents and those subject to child protection intervention (Figure 1 ).
Follow-up information was not available at the time of analysis for some infants (n0181), due to recent enrolment in the cohort. We therefore inferred longer term care setting for this group from care setting directly afterbirth (Figure 1 ). Infants staying in hospital beyond the threeÁfive days after birth normally seen in Ukraine but with no documented reason were presumed to need medical care if birthweight B2500 g, and/or gestational age B34 weeks, and/or reported perinatal problems (including neonatal abstinence syndrome, NAS), and/or infant death (n 0 21). There was no significant difference in prevalence of maternal IDU history between this and other hospitalised groups. Infants with no documented reason for hospitalisation and no indication of medical needs were excluded from the analyses (n 0 15), as their longer term care setting was unclear.
Gestational age was categorised as term (37Á42 completed weeks), preterm (34Á36 weeks) and severely preterm (B34 weeks). Birthweight was categorised as ]2500 and B2500 g. Time of maternal HIV diagnosis was categorised as before pregnancy, during the first or second trimester, or late (third trimester or at delivery).
Statistical analysis
Univariable comparisons were assessed with the x 2 test for categorical variables. Logistic regression was used to obtain unadjusted odds ratio (OR) and adjusted odds ratio (AOR) and 95% confidence intervals (95% CI) in analyses identifying factors associated with infants never being in parental care. The model was built using a forward stepwise approach, with each factor tested for significant contribution to the fit using likelihood ratio test, at a significance level of p50.05.
The logistic regression analyses were limited to 4759 motherÁinfant pairs with complete data available on the following characteristics: maternal characteristics, such as age, marital status, IDU, time of HIV diagnosis, antenatal antiretroviral prophylaxis, mode of delivery, previous live births, previous terminations, sexual partner of IDU and receipt of single dose nevirapine (sdNVP); infant characteristics, such as gender, gestational age, year of birth, birthweight, NAS, receipt of sdNVP, congenital abnormalities and social care setting at birth.
Those missing data on age at leaving full-time education (n02301) were categorised within the variable ''educational status'', to allow analyses adjusted for educational status to be conducted. Year of infant birth was adjusted for a priori in the multivariate analysis due to potential confounding (infants born in later years less likely to have been ''ever in parental care'', as they have had shorter follow-up).
Clinical practice regarding antiretroviral prophylaxis for PMTCT underwent an important change in Ukraine in 2005, when antenatal prophylaxis (predominantly zidovudine monotherapy, Thorne et al., 2009) in addition to or instead of sdNVP became the standard of care. From 2005, sdNVP was usually used alone only in women missing opportunities for antenatal antiretroviral prophylaxis (Thorne et al., 2009) , and so reflected a different level of access to and receipt of antenatal care compared to pre-2005. In order to investigate the effect of prophylaxis on infant abandonment, a sub-analysis was carried out using only motherÁinfant pairs enrolled in 2005Á2009 (n 03646).
Statistical analyses were performed with STATA/ IC v 10.0 for Windows (StataCorp, College Station, TX, USA). 
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Results
Of the 4759 infants enrolled by May 2009, 98 (2.1%) were abandoned (never in parental care), with a further 47 (1%) spending some time in non-parental care, mostly in an institution (not included in our definition of ''abandoned''). The majority never in parental care by age two (54/98) were in an institution or in hospital with a social admission at baseline (Figure 1 ). Baseline demographic and medical characteristics are given in Table 1 . Most mothers were young, married or cohabiting and primiparous; a fifth had an IDU history and a third were sexual 
Factors associated with infant abandonment
In unadjusted logistic regression analyses, gender and presence of congenital abnormalities in the infant were not significantly associated with risk of abandonment (p 00.292 and p 00.085, respectively). Maternal history of pregnancy termination and age were similarly non-significant factors (p 00.123 and p 0 0.066, respectively). Factors significantly associated with infant abandonment in univariable analyses are presented in Table 2 and included marital status, maternal education, mode of delivery and birth order. Receipt of antenatal antiretroviral prophylaxis showed a strong univariable association with reduced risk of abandonment, and infants whose mothers had been diagnosed with HIV earlier (in the first and second trimesters) were also less likely to be abandoned.
Infants of active IDUs (indicated by presence of NAS) were at an almost 11-fold increased risk of abandonment. Separate univariable analyses showed smaller but significantly increased abandonment risk among mothers reporting an IDU history (OR 4.46, 95% CI 2.98Á6.67, p50.001 versus no history) and among those with an IDU sexual partner (OR 1.56, 95% CI 1.04Á2.34, p00.031 versus no IDU sexual partner). Preterm birth and low birthweight were both associated with increased risk of abandonment, and with non-receipt of antenatal ART (x 2 0162.51, p5 0.01 and x 2 0154.94, p50.01, respectively) and presence of NAS (x 2 025.94, p50.01 and x 2 015.79, p5 0.01, respectively). Among women reporting an IDU history, 15.2% of births were preterm (536 weeks gestation) compared with 7.3% of births among women without an IDU history. Over a fifth (n029) of women who continued to inject drugs in the third trimester abandoned their infants, compared to 2% (n09) of those who reported last using drugs pre-conception.
In the multivariable logistic regression model, marital status, maternal education, receipt of antiretroviral prophylaxis, parity, gestational age of infant and NAS remained significantly associated with risk of infant abandonment (Table 2) . NAS was included in the adjusted model in preference to maternal IDU history due to the stronger univariable association with abandonment. Maternal receipt of antenatal prophylaxis was associated with an 88% reduction in abandonment and remained the strongest predictor. A four-fold higher infant abandonment rate was seen among single women versus those married or cohabiting and among women with minimal education versus those educated beyond 18 years. Severely preterm infants were over three times more likely to be abandoned than term infants, and a similarly increased risk was seen among infants with NAS. Infants born into larger families (third-born or subsequently) were 2.5 times more likely to be abandoned than first-borns, with second-borns at intermediate abandonment risk.
In a sub-analysis including 3646 motherÁchild pairs enrolled since 2005, univariable analysis showed a substantially lower abandonment risk among women receiving antenatal antiretroviral prophylaxis compared to sdNVP only (OR 0.04, 95% CI 0.02Á 0.08, p B0.01). This association remained after adjusting for marital status, maternal education, receipt of antenatal prophylaxis, mode of delivery, parity, gestational age, NAS and year of birth (AOR 0.10, 95% CI 0.05Á0.20, pB0.01 for abandonment by women receiving antenatal antiretroviral prophylaxis versus those receiving sdNVP only). No significant difference in abandonment was found between women receiving sdNVP only and no antiretroviral prophylaxis, in both univariable and multivariable models (p00.199 and p00.521, respectively). Similar overall associations between independent variables and risk of infant abandonment were seen in 2005Á2009 as in the whole data-set 2000Á2009.
Characteristics of abandoned infants HIV status was reported for 3166 (66.5%) children, the remainder having indeterminate status at most recent follow-up. Of the abandoned infants with HIV status reported, 12/70 (17.1%) were HIV-infected versus 205/3096 (6.6%) of infants in parental care. In univariable analysis, abandonment was almost threefold higher in infants with confirmed HIV diagnosis (OR 2.92, 95% CI 1.54Á5.52, p B0.01), than in uninfected infants. Of the 98 abandoned infants, 9/98 (9.2%) died compared with 89/4656 (1.9%) of the infants in parental care (median ages at death were 127 and 62 days, respectively). Post-mortem reports of the nine abandoned infants who died attributed deaths to infection in all but one case, where information was not available. None of the infants lived to 18 months to receive antibody test AIDS Care 1443 confirmation of infection status. One infant was provisionally uninfected on the basis of two negative PCR tests, five had indeterminate infection status, two infants had presumptive HIV infection on the basis of one positive PCR test and infective cause of death, and one infant had confirmed HIV infection, high viral load and multiple infections.
Discussion
Infant abandonment affected a small but significant proportion of infants in the first two years of life born to HIV-infected women in Ukraine in this cohort, decreasing over the 10-year study period. Overall, 2.1% of infants lacked parental care entirely and a further 1% experienced a mixture of parental and other care settings by their second birthday. This is a conservative measure, and considerably higher than the 0.7Á1% of children estimated to be in institutional care in Ukraine overall UNICEF, 2009c) . The factor most strongly associated with reduced risk of infant abandonment was mother's receipt of antenatal antiretroviral prophylaxis. In our sub-analysis of infants born since 2005, abandonment risk was equally elevated in women who had received sdNVP only and those receiving no antiretroviral prophylaxis, both scenarios indicating lack of antenatal care. Mothers who were married or cohabiting and who had higher levels of educational attainment were also substantially less likely to abandon. Preterm infants, those with NAS and infants with older siblings were at increased risk of abandonment.
The decline in infant abandonment over time was concurrent with PMTCT scale-up in Ukraine; these years saw substantially increased coverage with antiretroviral prophylaxis and concomitant declines in MTCT rates (from 15.2% in 2001 to 7% in 2006; Thorne et al., 2009 ). The reduced risk of infant abandonment among women receiving antenatal antiretroviral prophylaxis compared to sdNVP only (because of late presentation and diagnosis in labour), supports previous findings associating maternal receipt of prophylaxis with reduced risk of infant non-parental care (Khaldeeva et al., 2003; Mayaux et al., 2003) . Greater understanding of the effectiveness of PMTCT interventions and of cART in HIV treatment may improve women's aspirations for their own and their infant's health, thus reducing abandonment Zabina et al., 2009) . Previous studies have shown that a diagnosis of HIV earlier rather than later in pregnancy, affording an adjustment period and opportunity to receive PMTCT counselling and interventions, is associated with decreased risk of infant abandonment (Hillis et al., 2007) , but there was no association in our adjusted analyses. Late diagnosis may not be an independent risk factor for abandonment per se, but indicate other problems underlying non-receipt of antenatal care. Training of healthcare professionals during PMTCT scale-up is likely to have reduced stigmatising and discriminatory attitudes towards HIV-infected pregnant women, recognised as a factor potentially contributing to abandonment earlier in the epidemic (UNAIDS & UNDP Bratislava Regional Centre, 2008; Zabina et al., 2009 ). ''Babyfriendly'' initiatives in maternity wards, introduced in Ukraine in 2000, have been associated with decreases in infant abandonment in the general population (Sherstyuk, Grover, & UNICEF, 2006) , also seen in Russia (Lvoff et al., 2000) , and may have contributed to the declining rate of abandonment seen in our study.
The significant associations found between abandonment and parity, maternal education and marital status indicate the importance of financial and social resources in caring for a newborn. Infants born to women without a partner were at a four-fold increased risk of abandonment, affirming previous findings of the importance of support from the baby's father (Shapoval, 2008) , and possibly extended family. Poverty and insecure or inadequate housing increase susceptibility to infant abandonment regardless of HIV infection status, and are likely more common among marginalised HIV-infected individuals; 82% of children in Ukraine staying with HIV-infected parent(s) remain in poverty (Shapoval, 2008; Zabina et al., 2009) . A social support payment has been introduced in Ukraine for women with newborns and may help to alleviate abandonment due to poverty, contributing to the decline in abandonment seen here since the subsidy was introduced, but could also encourage completion of unwanted pregnancies which would otherwise have been terminated .
Russian studies have found infant abandonment to be substantially more common among HIVinfected women whose pregnancies were unintended (Hillis et al., 2007; Zabina et al., 2009 ). We did not have data available on whether the pregnancies in our study were planned, but 39% of the women had a history of pregnancy termination (higher than the 18.4% of 25Á29-year-old women surveyed in 2007 Ukraine Demographic Health Survey Á DHS; Ukrainian Center for Social Reforms et al., 2008) , while a quarter of women in a nested postnatal cohort within the ECS reported not planning their most recent pregnancy (Saxton et al., in press ). An unmet need for family planning was expressed by 11% of women aged 25Á29 years in the 2007 Ukraine DHS (Ukrainian Center for Social Reforms et al., 2008) .
Abandonment was three times more likely among infants with NAS here, supporting previous findings from Ukraine, Russia, France, Western Europe and USA linking maternal IDU with increased infant abandonment, with rates of up to 30% in this group (Blanche et al., 1996; European Collaborative Study & Thorne et al., 1998; Khaldeeva et al., 2003; Malyuta et al., 2006; Mok et al., 1996 ; National Abandoned Infants Assistance Resource Center & University of California Berkeley, 2005). Our conservative measure of abandonment may have underestimated the true association between abandonment and maternal IDU, as infants born to IDUs are more likely to have medical problems after birth, and infants hospitalised for medical care but without follow-up were assumed not to be abandoned (Figure 1 ). Putative links between IDU and voluntary infant abandonment include poorer access to or use of family planning services with more unintended pregnancies (Malyuta et al., 2006) , lifestyles nonconducive to parenting (Zabina et al., 2009 ) and acute withdrawal symptoms in the mother during and immediately after delivery, precipitating abandonment in search of drugs. Opioid substitution therapy AIDS Care 1445 (OST) improves neonatal outcomes when used in pregnancy, and could help prevent abandonment postnatally by controlling withdrawal symptoms and reducing drug-seeking behaviours such as commercial sex work (Minozzi et al., 2008) . However, accessibility to OST in Ukraine is poor; buprenorphine and methadone OST became available in 2007 and 2008, only 1956 of an estimated 400,000 IDUs were enrolled in a programme by the end of 2008 (Aizberg & Eurasian Harm Reduction Network, 2008) . Childbearing women encounter specific barriers to engagement with drug treatment including an unwillingness to be seen as an unfit parent, lack of childcare facilities for their existing children (EMCDDA, 2000) and objection of a partner (Open Society Institute, 2009 ). Effective harm reduction programmes would therefore need to be carefully tailored to the needs of pregnant HIV-infected IDUs.
Infants abandoned in this study were significantly more likely to be infected with HIV than their contemporaries in parental care, more of whom had benefited from PMTCT interventions, consistent with previous evidence (Transatlantic Partners Against AIDS, 2004). HIV-DNA PCR testing facilities for early diagnosis of HIV in vertically exposed infants were introduced in Ukraine in 2006, but coverage remains patchy (Thorne et al., 2009) , leaving some settings reliant on antibody testing at 18 months. In the vast majority of cases, infant HIV diagnosis would have occurred after abandonment, suggesting that women more likely to transmit HIV (e.g., due to no or limited access to PMTCT interventions) were also more likely to abandon. The abandoned infants were also more frequently preterm and low birthweight. This may be partly attributed to increased prevalence of in utero exposure to drugs (Mok et al., 1996) , but was also found among abandoned infants born to women without a documented history of IDU. Preterm delivery and low birthweight may be causative factors in the decision to abandon, for example, due to fear of disability in the child (Zabina et al., 2009) or inaffordability of medical care, but the association is confounded by other factors associated with both poorer maternal health and abandonment (for example, inadequate access to antenatal care, poor educational attainment and lack of social support from a partner during the pregnancy).
HIV-exposed and abandoned infants in Russia and Ukraine are vulnerable to stigmatised care in institutional settings Transatlantic Partners Against AIDS, 2004) . Infant abandonment and state provision of institutional care pre-date Ukraine's HIV epidemic, and institutions also formed a significant part of state care provision to infants abandoned by HIV-infected women in Western Europe in 1980Á1990s (Blanche et al., 1996; European Collaborative Study & Thorne et al., 1998) . Although most men and women surveyed in the Ukraine DHS believed that there were circumstances under which a woman should not become pregnant (including if the woman has a transmissible infection or uses drugs), only 2% of women and 5% of men favoured placing a child in an orphanage in the event of a pregnancy in such circumstances (Ukrainian Center for Social Reforms et al., 2008) , most believing that it was the woman's personal decision, that she should keep the child, or that she should seek help from a family member.
Our study was limited by its observational nature, with potential for unmeasured confounding. A further limitation was our inability to distinguish between women voluntarily relinquishing infants and those subject to child protection interventions. Our cohort covers around 30% of HIV-infected pregnant women in Ukraine, making the data and conclusions broadly generalisable to such women countrywide. The assumptions leading to our definition of abandonment were conservative (Figure 1) , and the prevalence reported here should be interpreted as a minimum. The paucity of data on incidence of infant abandonment in Ukraine in the general population precludes direct comparisons between HIV-infected and HIV-uninfected women over time.
Conclusions
To conclude, a decline in infant abandonment over the last 10 years was seen in this cohort, concurrent with PMTCT scale-up, suggesting the importance of PMTCT programmes in reducing infant abandonment rates among HIV-infected women. However, the challenge of ensuring coverage of hard-to-reach populations such as IDUs and other marginalised groups with PMTCT services remains together with the need to provide adequate harm reduction, HIV treatment and care, family planning and pregnancy termination services. The factors underlying infant abandonment are complex but outreach, harm reduction (including OST) and counselling targeted to marginalised women could improve uptake of services, and maternal and infant outcomes. Further research on longitudinal patterns of social care in children without a stable home setting and in older children of HIV-infected mothers is needed.
